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Abstract 

Thermoelectric materials, materials capable of creating electricity from waste heat sources, are an ideal solution to the search for sustainable energy. Research in this area is contingent on the discovery of new thermoelectric materials that are more efficient and versatile. Of the few laboratories in the country that are actively working on characterization and application of thermoelectric material, the Center for the Science and Engineering of Materials at California Institute of Technology is the only (location on a university campus). Thus making it an ideal location for undergraduate research in synthesis, characterization, and large scale application of thermoelectric materials.


Thermoelectric Research at CalTech 


The research would be conducted over a period of ten weeks at California Institute of Technology and would begin on May 19th . The facilities at CalTech are fully equipped and incomparable in the field of thermoelectric materials. Their laboratory is one of few in the country with an extensive background in synthesizing thermoelectric materials and the facilities to run full characterizations of the transport properties of these materials.


At the Center for the Science and Engineering of Materials (CSEM) at Caltech there is an ongoing study devoted to the synthesis and implementation of new thermoelectric materials. Thermoelectric materials have the potential to provide substantial electric power from various waste heat sources such as industrial heat or car exhaust. In contrast to current systems, thermoelectric materials produce electricity without using moving parts, consuming fossil energy, or producing harmful emissions. Progress in this area would lead to energy systems that are less expensive, more efficient, and have a smaller environmental impact.


The current challenge in this field of research is finding materials with a higher efficiency. The efficiency of thermoelectric materials is measured by zT, where T is the absolute temperature and z is the thermoelectric figure of merit. The parameter z is dependent on multiple properties of thermoelectricity.
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Where α is the Seebeck coefficient, T is absolute temperature, ρ  is electrical resistivity, and κ is thermal conductivity. Classic thermoelectric materials are small band gap semiconductors and have complex crystal structures. Recent methods utilized to increase zT include minimizing lattice thermal conductivity without greatly impacting the electrical conductivity [1].

 
The proposed summer project is inspired by a set of  density functional theory calculations in which the thermoelectric properties of over 1500 materials were theoretically analyzed [2]. Many of those theoretically characterized as efficient materials remain unstudied. The student, Cidney Scanlon, would be working independently under the supervision of Eric Toberer and Professor Jeff Snyder of the CSEM department at CalTech. The student would be synthesizing and characterizing the following thermoelectric materials: KZnSb, LiZnSb, ZnSnSb2 and TlZn2Sb2. All of which were featured in the computer simulation and are predicted to be narrow band gap semi-conductors. The compound LiZnSb shows potential for relatively high efficiency functioning at higher temperature ranges. None of the materials to be synthesized by the student have been previously characterized and they are all theorized to have reasonable thermoelectric properties. In addition to the study of new materials, the student would design and conduct a study on the specific application of thermoelectric materials to photovoltaic cells. The study would include cost and efficiency comparisons to current models.  


With the intention of becoming a civil engineer, the student, Cidney Scanlon, is specifically interested in studying efficient energy production and/or water purification systems. The proposed research would provide the student with hands on experience with efficient, low-cost energy production systems. The project would apply and build on skills and knowledge that the student has acquired in multiple chemistry and engineering courses in pursuit of her bachelors degree. Professionally the student would have the opportunity to work at a world famous research institution. The student would also gain connections with highly respected and accomplished people in various fields of study that could be invaluable in future research. 

Environmental Significance


With society on the verge of an energy crisis, the discovery and application of new energy sources has become a major focus of todays scientific advancement. The goals of research in this area are to reduce energy consumption, expand available resources, and decrease the impact of our actions on the environment. Thermoelectric materials are available today in small applications, and produce electricity without the use of fossil fuels and produce no harmful emissions. As of yet, they are not in use in large scale systems because the existing materials are not adequate for such uses. Advances in the field of thermoelectrics are contingent upon a material breakthrough. Large scale applications to systems that produce waste heat could increase the efficiency at minimal additional cost. One application of thermoelectric materials that is currently being explored is their use in conjunction with car exhaust and using the electricity produced to replace the alternator. This would lead to a ten percent improvement in gasoline efficiency of commercial vehicles. Once the efficiency of these materials is proven, the applications are endless and would raise the standards of energy efficiency.   



The facilities at the CSEM department at CalTech are fully equipped for this type of research. The student would be working in the thermoelectric laboratory alongside students, faculty, and research staff working on different sections of the same project. This department has hosted multiple undergraduate students in the past with projects similar to the one proposed. In previous summers the research position has culminated in project completion and publication [3]. 

Proposed Budget

Salary – 10 weeks, 40 hr/week, Harvey Mudd pay scale 

Travel - $100 

Room and Board – optional  $1,000

[1] Snyder, G. Jeff & Toberer, Eric. Complex Thermoelectric Materials. Nature Publishing Group, 2008. 

[2] Madsen, George K.H. Automated Search for New Thermoelectric Materials: The Case of LiZnSb. Jacs Articles,2006.

[3] [3] Gascoin, Frank, Rasmussen, Julia, Snyder, G. Jeff. High temperature thermoelectric properties of Mo3Sb7−xTex for x = 1.6 and 1.5. Journal of Alloys and Compounds, 2006.

_90466264.unknown

